Introduction
Systemic sclerosis (SSc) is a connective tissue disease characterized by vasculopathy, excessive accumulation of extracellular matrix (ECM), and fibrosis of the skin and internal organs (1) . Many cytokines such as transforming growth factor beta (TGF-β), platelet-derived growth factor, tumor necrosis factor, interleukin (IL)-4, IL-6, and IL-13 have been well-known to be involved in the pathogenesis of SSc. TGF-β is the most powerful profibrogenic stimulus to fibroblasts, where these effects of TGF-β are mainly mediated by connective tissue growth factor (CTGF) (2) . Until now no single agent has been convincingly shown to be an effective treatment, and the pathogenesis of SSc remains unknown.
The largest class of polyphenols, flavonoids, has a variety of biological properties (3) . The common non-toxic and non-mutagenic dietary flavonoid, apigenin (4) , is abundant in fruits such as grapes and cherries, and in vegetables such as parsley, onions, and broccoli (5) . It affects many cellular processes such as cell proliferation, migration, tumor growth, and fibrosis (3, 5) . Ricupero et al. (5) reported that apigenin inhibited the proliferation of myofibroblasts and expression of α1 (1) collagen and α-smooth muscle actin (α-SMA).
Moreover, apigenin decreased TGF-β-induced up-regulation of SMA mRNA probably by inhibiting Akt phosphorylation.
Apigenin is Ineffective in BLM-Induced Model for SSc
207
Recently we (6) demonstrated that physiological concentrations of apigenin inhibited endothelin-1-induced contraction of collagen gels in an in vitro model of ECM remodeling (7) .
There are several animal models of SSc. In particular, a bleomycin (BLM)-induced SSc model involving daily subcutaneous injection of BLM into the back skins of mice of susceptible strains is widely used. BLM-treated mice showed not only all histological characteristics of human scleroderma skin, but also lung fibrosis. Perivascular cellular infiltration consisted of CD4+ T cells, mast cells, and macrophages (8) . However, daily injection is time-consuming and inconvenient. Recently, we successfully induced SSc by weekly subcutaneous injections of BLM using a thermoreversible combination gel composed of low molecular weight methylcellulose (LMw MC) (9, 10) . The objective of the present work was to investigate the therapeutic efficacy of physiological concentrations of apigenin in this modification of the BLM-induced SSc model.
Materials and Methods

Preparation of MC gels containing BLM, and treatment of mice with the MC-BLM gel
The preparation of LMw MC gels was described in detail previously (10) . BLM was loaded into the gels by mixing with 4% LMw MC/4.5% ammonium sulfate (Sigma-Aldrich, St. 
Histological examination of the lung
The left lung was ligated at the level of the main bronchus, excised at the hilum, and immediately frozen in liquid nitrogen for collagen assay. The right lung was fixed with 10%
formaldehyde in a neutral-buffered solution for 48 hours and embedded in paraffin. Sagittal sections, 2 μm thick, were cut and stained with H&E and M-T stain. The total area of the lung sections was used for microscopic scoring of fibrosis.
Lung fibrosis was graded according to the method described previously by Ashcroft et al. (13) , and described in detail elsewhere (14) . The grade of lung fibrosis was scored by evaluating 10 randomly chosen regions per section at ×200 magnification by an experienced pulmonologist (Kim SH) who was blinded to the treatment groups. The mean of the scores from all examinations was taken as the fibrotic score. 
Collagen assay
Lung collagen content was determined by assaying total soluble collagen using the Sircol TM soluble collagen assay (Biocolor, Carrickfergus, Co., Antrim, UK) as described previously (15) .
ELISA for CTGF
Sera were obtained by cardiac puncture when the mice were killed, and stored at −80 o C. Serum CTGF levels were assessed using a Quantikine CTGF Immunoassay Kit (R&D Systems, Inc., Minneapolis, MN, USA).
Statistical analysis
All data are expressed as means±standard deviations. The t-test or Mann-Whitney rank sum test was used to test the significance of differences between the negative control and the MC-BLM gel group. One way analysis of variance was used to test the significance of differences between the MC-BLM gel control and the two apigenin injection groups. p-values of less than 0.05 were considered statistically significant. Therefore, given the difference between humans and mice, we believe that the concentrations of apigenin (1.0 mg/kg and 2.5 mg/kg) used in this study were not too low, and that the plasma concentration of apigenin would have exceeded the level of apigenin found in humans and mice on normal diets, although direct comparison between oral intake and IP injection, and between different species, was not feasible.
Results
Histological examination of skin
Conclusion
We failed to demonstrate that IP injection of apigenin (1.0 mg/kg or 2.5 mg/kg) was effective in preventing and treating skin and lung fibrosis in the BLM-induced mouse model of SSc, although some in vitro experiments have supported a potential role of apigenin in the treatment of fibrosis. Further studies in other animal models of SSc, and long-term administration of apigenin with follow-up are called for.
